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MEASURING TRANSFORMER 

Field of the Invention 

The invention concerns a measuring transformer for comparing a current 
5 flowing through a conductor to a reference current comprising a magnetic circuit formed 
by a toroidal core, a conductor through which the current flows and which is enclosed by 
the toroidal core, a secondary winding arranged on the toroidal core, and a magnetic field 
measuring element which is arranged in a gap of the toroidal core and which is sensitive to 
the magnetic field in the gap. The invention further concerns a control unit for controlling 
10 or regulating a current flowing through a conductor, an inverter, in particular for a wind 
power installation, as well as a wind power installation having such an inverter. 

BACKGROUND OF THE INVENTION 

A measuring transformer of the kind set forth in the opening part of this 
specification is known from EP 0 194 225. In the case of that measuring transformer the 

15 amplified output signal of a Hall element which serves as a magnetic flux measuring 
element feeds the secondary winding. The winding direction thereof is so selected that the 
magnetic field produced is in opposite relationship to the magnetic field surrounding the 
conductor through which the current flows. In that case the secondary winding is fed by the 
amplifier in such a way that it tries to make zero the magnetic field produced by the 

20 conductor. The current through the secondary winding is used as a measurement in respect 

of the current flowing in the conductor, that is to say the output signal of the secondary 

winding gives the absolute value of the instantaneous current flow. 

A further measuring transformer of the kind set forth in the opening part of 

this specification is known from Elektronik Industrie 8-2001, pages 49 and 51. In that 

25 measuring transformer also, a coil is again wound around the toroidal core, and the current 

flowing through the conductor again induces a current in the coil. That induced current is 

superimposed with a possible deviation detected by the Hall element, and thus again gives 



an absolute value as a measurement in respect of the current flowing in the conductor. It 
will be noted however that with this measuring transformer also, the main component of 
the induced current again flows through the secondary winding. The combination of the 
Hall element and the amplifier detects the respective proportion of the current which flows 
5 in the conductor and which the secondary winding on the toroidal core cannot detect. 

A measuring transformer of the kind set forth in the opening part of this 
specification is also further known from EP 0 580 473 Al. EP 0 157 054 A discloses a fault 
current protection switch in which two turns are arranged on a toroidal core. A comparator 
is provided for comparing the output voltage of a Hall element arranged in an intermediate 

10 space of the toroidal core to a reference voltage. The switch is then controlled by means of 
the output voltage from the comparator. 

The article by Ogasawara et al 'A Digital Current Sensor for PWM 
inverters 1 , Proceedings of the Industry Applications Society Annual Meeting, Houston, 
October 4, 1992, New York, US, Vol 1, 4th October 1992, pages 949-955, in Figure 2, 

15 discloses a further measuring transformer for analog currents, which approximately 
corresponds to the measuring transformer known from EP 0 194 225. 

In the case of the known measuring transformers the respective output 
signal is subjected to further processing in any manner as it gives the absolute value of the 
instantaneous current flow through the conductor. By way of a downstream-connected 

20 comparator, that value can be compared for example to a reference or target value in order 
to derive therefrom control signals, for example for an inverter, the current of which is 
delivered by way of the above-mentioned conductor. As that current can readily amount to 
some hundreds of amperes - instantaneous peak values perfectly well reach around 750 
amperes - , a suitably high number of ampere-turns must be reached with the secondary 

25 winding. In that case, the lower the current flowing through the secondary winding is 
intended to be, the correspondingly higher the number of turns must correspondingly be. 

That however is also the serious disadvantage of the known structures. An 
inductance also always forms a time constant and thus limits the possible ways of rapidly 
following fluctuations in the current flowing in the conductor. A further aggravating 
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circumstance is that the inductance of the secondary winding itself, by virtue of its 
typically inductive behaviour, makes rapid signal changes impossible. 

SUMMARY OF THE INVENTION 

One object of the present invention is to provide a measuring transformer 
5 with respect with which even high-frequency deviations from a reference value can be 
reliably detected and which can be used in particular in relation to an inverter for a wind 
power installation. 

In accordance with the invention that object is attained in that there is 
provided a reference setting unit for acting on the secondary winding with a reference 
10 current which sets the current which is to flow in the conductor through which current 
flows. 

Unlike the situation with the known structures, the secondary winding is not 
connected to the output of the magnetic flux measuring element or an amplifier connected 
thereto. Instead of that, a reference current is fed in. In accordance with the invention, the 

15 output of the magnetic flux measuring element or an amplifier connected thereto in a 
preferred embodiment, is available as the signal output. In the ideal situation the current 
flowing in the conductor corresponds to the reference current which is fed into the 
secondary winding so that the resulting magnetic flux in the toroidal core and the signal at 
the output of the magnetic flux measuring element are zero. 

20 If the current in the conductor differs from the reference value, that results 

in a resulting magnetic flux in the toroidal core and a corresponding signal at the output of 
the magnetic flux measuring element. That signal is a measurement in respect of the 
deviation of the current in the conductor from the reference value of the current, flowing 
through the secondary winding. As there is no inductance in the output branch between the 

25 magnetic flux measuring element and the signal output, even high-frequency deviations 
from the reference value of the current can be reliably detected, possibly amplified and 
provided at the output. Accordingly, it is also possible to derive rapidly corresponding 
control or regulating signals for an inverter, for example of a wind power installation, from 
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the output signal, in order to approximate the actual value to the reference value of the 
current as quickly as possible and in the best possible fashion. 

Advantageous configurations of the measuring transformer according to the 
invention are set forth in the appendant claims. Preferably a Hall element is used as the 
5 magnetic flux measuring element. In addition the output signal of the magnetic flux 
measuring element is preferably amplified by an amplifier before it is made available at the 
signal output. 

In order to obtain the absolute value of the current flowing in the conductor, 
the reference current can be superimposed with the output signal of the magnetic flux 
10 measuring element or the downstream-connected amplifier, which is preferably effected in 
a stage connected downstream of the signal output. 

The invention also concerns a control unit as set forth in claim 6 for 
controlling or regulating a current flowing through a conductor with a measuring 
transformer according to the invention for measuring the current flowing through the 
15 conductor. Preferably, the measuring transformer according to the invention is used in 
relation to an inverter for a wind power installation for measuring the output current of the 
inverter. Accordingly the invention also concerns a wind power installation as set forth in 
claim 9. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S) 
20 The invention is described in greater detail hereinafter with reference to the 

drawings in which: 

Figure 1 is a diagrammatic view of a known measuring transformer, and 
Figure 2 is a diagrammatic view of a measuring transformer according to the 

invention. 



25 DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 is a simplified view showing the principle used in relation to the 
measuring transformer known from EP 0 194 225. That known measuring transformer 
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firstly has a toroidal core 10 of ferromagnetic material, through which extends a conductor 
16 through which flows the current to be measured. A Hall element 12 is arranged in the air 
gap 1 1 of the toroidal core 10. The magnetic field produced by the current flow around the 
conductor 16 results in a magnetic flux in the toroidal core 10 and thus also through the 
5 Hall element 12. The output signal of the Hall element 12 is fed to an amplifier 14 whose 
output is connected to a secondary winding 18 which is wound around the toroidal core 10. 

When now a current flows through the secondary winding 1 8 it also forms a 
magnetic field. In that respect the winding direction of the secondary winding 18 is so 
selected that the corresponding magnetic field is in the opposite direction to the magnetic 

10 field around the conductor 16. That provides that the two magnetic fields cancel each other 
out, that is to say there is no longer any magnetic flux in the toroidal core 10 and 
consequently the Hall element 12 no longer produces a signal when both magnetic fields 
are of equal magnitude. According to the known measuring transformer as shown in Figure 
1 the secondary winding 18 is always supplied with a current which seeks to compensate 

15 for the magnetic field of the conductor 16 and thus forms a measurement in respect of the 
current flowing in the conductor 16. As the secondary winding 18 is known, the flowing 
current is a measurement in respect of the magnetic field produced by the conductor 16 and 
thus a measurement in respect of the current flowing in the conductor 16. Thus, it is 
possible to detect at the output 20 of the secondary winding 18 a signal which is a 

20 measurement in respect of the current flowing in the conductor 16. 

That output signal at the output 20 can be subjected to further processing in 
any desired manner as it gives the absolute value of the instantaneous current flow. By way 
of a downstream-connected comparator (not shown) that value can be compared for 
example to a reference value in order to derive therefrom for example control signals for an 

25 inverter, the current of which is delivered by way of the conductor 1 6. 

As such a current can readily amount to several hundreds of amperes, it is 
necessary to achieve a correspondingly high number of ampere-turns with the secondary 
winding 18. In that case, the lower the current flowing through the secondary winding 18 is 
to be, the correspondingly higher must the number of turns be. That is also the serious 
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disadvantage of this structure for an inductance also always forms a time constant and thus 
limits the possible ways of rapidly following high-frequency fluctuations in the current 
flowing in the conductor 16. Another aspect which increases the difficulty here is that the 
inductance of the secondary winding 18 itself, by virtue of its typically inductive 
5 behaviour, makes rapid signal changes impossible. 

An embodiment of a measuring transformer according to the invention is 
diagrammatically shown in Figure 2. It again has a toroidal core 10 comprising a 
ferromagnetic material with an air gap 1 1 in which a magnetic flux measuring element 12, 
for example once again a Hall element, is arranged. Connected on the output side of the 
10 Hall element 12 is an amplifier 14 for amplifying the electrical output signal of the Hall 
element 12. As in the known measuring transformer a conductor 16 extends through the 
annular core 10, through which the current to be measured flows. 

As a departure from the known measuring transformer the secondary 
winding 18 is not connected to the output of the amplifier 14. Instead of that the secondary 
15 winding 18 has an input terminal 22 and is connected with its other end to ground. The 
output of the amplifier 14 is available as a signal output 24. 

While therefore in the known measuring transformer the secondary winding 
18 is always supplied with a current which seeks to compensate for the magnetic field of 
the conductor 16 and thus forms a measurement in respect of the current flowing in the 
20 conductor 16, in accordance with the invention the secondary winding 18 is acted upon by 
a predetermined reference current. That is applied to the input terminal 22 by a reference 
presetting unit 26. In the ideal case the current flowing in the conductor 16 corresponds to 
that reference current so that the resulting magnetic flux in the toroidal core 10 is equal to 
zero, the signal of the Hall element 12 is zero and thus there is also no signal at the output 
25 24. 

If the current in the conductor 16 deviates from the reference value, there is 
a resulting magnetic flux in the toroidal core 10 and a corresponding signal from the Hall 
element 12, which is passed amplified by way of the amplifier 14 to the output 24. That 
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output signal is a measurement in respect of the deviation of the current in the conductor 16 
from the reference value of the current, which flows through the secondary winding 1 8. 

According to the invention as shown in Figure 2 a predetermined reference 
current is supplied at terminal 22 to the secondary winding 18 by the presetting unit 16. 
5 The unit 26 can be a basic controlled current source which provides such a predetermined 
current. Many known circuits for this current source can be used and a person skilled in 
the art will know which kind of device from the many known to use for providing a 
predetermined reference current. If now the current flowing in the conductor 16 equals this 
predetermined reference current, the resulting magnetic flux in the core 10 is equal to zerio 

10 and the signal of the whole element 12 is equal to zero so that there is no signal at the 
output 24. If, however, the current in the conductor 16 is different from the reference 
current, there is a resulting magnetic flux in the core 10, resulting in a signal of the whole 
element 12, which is after amplification provided at the output 24. This output signal 
reflects the deviation of the current in the conductor 16 from the reference current flowing 

15 through the winding 18. The terminal 24 is the output terminal providing the mentioned 
output signal. 

There are many different uses of such a measuring transformer. For 
instance, it can be used to measure the output current of an inverter, i.e. the current flowing 
through the conductor 16 the output signal at output 24 then immediately shows if there are 

20 fluctuations in the current in the conductor 16. By use of the control unit 28 to which said 
output signal is provided the current flowing through the conductor 16 can be controlled to 
approximate the actual value to the reference value as quickly as possible. Again, it will be 
known to the skilled person how to implement the control unit 28 to achieve the stated 
control since it is well within the ordinary skill of the art. For instance, a microcontroller 

25 or a microcomputer could be used with basic commands as described herein. 

When the measuring transformer according to the invention is used to 
measure the output current of an inverter, that is to say the current flowing through the 
conductor 16, the reference current is at a frequency of 50 Hz. That results in a quite slow 
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change in the current in the secondary winding 18. In that respect therefore the inductance 
of the secondary winding 1 8 plays a subordinate part. 

It will be noted that fluctuations in the current in the conductor 16 can 
certainly be of high frequency due to external influences such as network reactions. As in 
5 accordance with the invention however there is no inductance in the branch consisting of 
the Hall element 12, the amplifier 14 and the output 24, even high-frequency deviations 
from the reference current can be reliably detected, amplified and provided at the output 
24. Accordingly it is also possible to derive rapidly corresponding control or regulating 
signals for an inverter (not shown) from the signal at the output 24 by means of a control 
10 unit 28 in order to approximate the actual value to the reference value as quickly as 
possible. 

Unlike the situation with the known structure in which a comparator has to 
be connected downstream of the measuring transformer in order to permit a reference- 
actual comparison, this comparison in the structure according to the invention is already 
15 implemented in the measuring transformer. The toroidal core 10 can here together with the 
Hall element 12 be viewed as a comparator as the Hall element 12 only still supplies a 
difference signal between the reference and actual values. 

It will be appreciated that it is readily possible for the difference signal at 
the output 24 of the circuit according to the invention either to be subjected to further 
20 processing in the form of an analog signal or for example converted by way of a Schmitt 
trigger into digital control signals for the inverter. 

A measurement for the absolute value of the current flowing in the 
conductor is obtained with the measuring transformer according to the invention if the 
reference signal is superimposed with the output signal of the amplifier 14. That 
25 superimposed signal however is not fed into the secondary winding 18. That 
superimposition will preferably be effected by summing in a stage connected downstream 
of the amplifier 14. 



The measuring transformer according to the invention is preferably used in a 
wind power installation for measuring the output current of the inverter, in which respect 
preferably a separate measuring transformer is used for each phase of the inverter. 

In different uses the output signal at output 24 can be used as analog signal 
for further processing or can be transformed into digital control signals for control of an 
inverter. 

In a further use the absolute value of the current flowing in the conductor 16 
can be obtained if the reference current is superimposed with the output signal at output 24, 
for instance by use of a summing unit (not shown). 

All of the above U.S. patents, U.S. patent application publications, U.S. 
patent applications, foreign patents, foreign patent applications and non-patent publications 
referred to in this specification and/or listed in the Application Data Sheet, are incorporated 
herein by reference, in their entirety. 

From the foregoing it will be appreciated that, although specific 
embodiments of the invention have been described herein for purposes of illustration, 
various modifications may be made without deviating from the spirit and scope of the 
invention. Accordingly, the invention is not limited except as by the appended claims. 



